Introduction
The elemental segregation that accompanies solidification must be characterized quantitatively in order to understand the development of as-cast nickel-base superalloy microstructures. While a significant amount of work has been conducted in the area of dendritic microsegregation in these alloys [l-101, few studies have been concerned with determining distribution coefficients (defined as the ratio of solid composition to liquid composition at a given temperature) for multiple alloys derived from a single system with systematic variations in composition.
Furthermore, most of the techniques used for determining distribution coefficients involved either specialized solidification methods that were not representative of actual casting practices or pertained only to part of the solidification interval rather than being descriptive of the solidification process as a whole.
Therefore, the goal of this research was to examine the segregation behavior as a function of variations in C and the refractory elements Hf and Ta in six directionally and dendritically solidified alloys derived from the MAR-M247 system. These variations were selected since the addition of C leads to the formation of carbides (if the C level exceeds the solubility limit) and the two refractory elements participate in carbide formation as well as segregate to the liquid during solidification.
The addition of Hf has also been linked to the formation of the ~-7 eutectic microconstituent 111,123 and has led to the formation of,Hf-rich intermetallic compounds in some instances [2, 12] . For elements that segregated to the solid, solid composition profiles were produced with the same procedure, but the analyses were plotted from highest level to lowest level. The resulting solid composition profiles were modeled using the Scheil equation in order to obtain average values for the distribution coefficients.
Experimental Results
The as-cast microstructure of alloy F is shown in Figure 1 . The phases present as a result of solidification are 7 and MC. Based on the phase distribution and the solidification sequences reported for other alloy systems [7,14, The microsegregation that occurred during solidification in alloy F is illustrated more clearly by the backscattered electron image in Figure  2 . The segregation patterns shown by the elemental contour maps for some of the elements, namely Ta, Ti, Al, W, and Co, conformed to the shape of the dendrite.
The levels of Ta, Ti, and Al are lowest at the location of the dendrite core and increase with proximity to the interdendritic regions (see Ti contour map in Figure 21 . Conversely, the levels of W and Co are highest at the dendrite core and decrease with distance toward the interdendritic regions (see W contour map in Figure 2 Table III ; these values show the same relative segregation tendencies as were found with the initial distribution coefficients.
The average distribution coefficients for a given element are again very similar from alloy to alloy, as indicated by the low levels of the standard deviations.
The solid composition profiles were modeled using equation 3 and the average distribution coefficients; these curves are labeled Solid-Scheil in Figure 3 . The solid composition profiles calculated with the Scheil equation show a reasonably close fit to the solid composition profiles except for the initial solidification regions. 
Discussion
The initial distribution coefficients were calculated directly from the microsegregation measured in the as-cast microstructure, whereas the average distribution coefficients were determined from a constructed solid composition profile.
In order for the second method to be considered a valid technique for measuring microsegregation, a correlation must be shown between the two types of distribution coefficients. Tables II and III indicates that the two methods for determining distribution coefficients produce consistent results, so that the second method is indeed valid.
A comparison of the values in
The average distribution coefficients are also closer to the value of one than the initial distribution coefficients for all of the elements. This difference can be explained through an examination of the solid composition profiles in Figure 3 . From a comparison of the average distribution coefficients, the relative segregation tendencies of the elements in these alloys can be ranked (see Table IV ).
In were quite similar to the values determined from constructed solid composition profiles using the Scheil equation (average distribution coefficients), which indicated that the latter method was a valid means for assessing microsegregation.
The distribution coefficients for a given element did not vary significantly among the six alloys, which suggested that low level additions of C, Hf, and Ta did not affect the segregation of the other elements.
The mean values of the average distribution coefficients for the six alloys are 0.12 for Hf, 0.77 for Ta, 0.73 for Ti, 0.94 for Al, 1.23 for W, and 1.07 for Co.
The elemental segregation behavior in the MAR-M247-derivative alloys was very similar to that found in dilute binary Ni-based systems, which suggested that few interactions took place between these elements in the liquid.
